Loneliness has been repeatedly associated with sleep problems; however, there is a dearth of research examining the prospective relationship between insomnia and loneliness, as well as this association controlling for other psychiatric symptoms. This study evaluated the cross-sectional and prospective relationship between insomnia and loneliness using six samples: 666 undergraduates; 2785 Army recruiters; 208 adults with a history of suicidality and/or depression; 343 adult psychiatric outpatients; 326 young adults at elevated suicide risk; and 183 undergraduates. A meta-analysis also was conducted to examine the magnitude of the relationship between insomnia and loneliness across the six studies. More severe insomnia symptoms were significantly associated with greater feelings of loneliness while accounting for some (e.g., anxiety, nightmares) but not all (i.e., depression) psychiatric covariates. Findings underscore the strength of the association between insomnia and loneliness and suggest that depression may account for this relationship. Additional studies are needed to further establish the temporal relationship between these variables, delineate the role of depression in the association between insomnia and loneliness, and test whether insomnia may confer unique risk for subsequent loneliness.
Introduction
Insomnia-characterized by the Diagnostic and Statistical Manual of Mental Disorders, 5 th Edition (DSM-5; American Psychiatric Association [APA], 2013) as "dissatisfaction with sleep quantity or quality, with complaints of difficulty initiating or maintaining sleep," and accompanying clinically significant distress or impairment (p. 363)-is relatively common, with prevalence rates among the general population estimated at 6-15% (Ford and Kamerow, 1989; Morin et al., 2006; Ohayon, 2002) . At any given time, approximately one-third of individuals report experiencing at least one insomnia symptom (i.e., difficulty initiating or maintaining sleep, or early morning awakening; Morin et al., 2006) . Not only does insomnia contribute to daytime functional impairment (see Sateia et al. (2000) , for review), but it also may be inherently distressing. For instance, the lengthy time spent in bed awake at night is often a treatment target since it may be particularly aversive and isolating (Edinger and Means, 2005) . Indeed, it is plausible that the experience of insomnia itself may elicit feelings of loneliness (i.e., the painful perception and/or experience that one does not belong or is isolated from other individuals; Cacioppo and Patrick, 2008) , which may account for findings suggesting that insomnia (see , and Pigeon et al. (2012) , for review) and loneliness (c.f. thwarted belongingness; see Van Orden et al. (2010) , for review) are each associated with similar negative psychiatric outcomes. Thus, empirical exploration of the relationship between insomnia and loneliness is indicated.
The effect of insomnia on loneliness
Few studies have investigated whether insomnia may increase risk for loneliness. In fact, even studies that have aimed to demonstrate a prospective relationship between insomnia and loneliness have only tested this relationship through the use of proxy measures. For example, two studies by Roberts and colleagues (2001; 2013) found that insomnia predicted difficulties in interpersonal functioning one year later among adolescents. Although poor interpersonal functioning may ultimately contribute to loneliness, they do not represent the same construct; thus, conclusions regarding whether insomnia influences loneliness remain speculative. To our knowledge, no additional research has examined this prospective relationship.
Despite the dearth of research in this domain, there are theoretical and empirical reasons why this prospective relationship may exist. First, as noted, being awake alone for many hours may be isolating and intrinsically lonely. Second, insomnia has been shown to impair daytime functioning (see Sateia et al. (2000) , Shekleton et al. (2010) , and Shochat et al. (2014) , for review). These impairments may, in turn, impact individuals' motivation and/or ability to engage with others and build meaningful social connections. For example, evidence among adolescents supports that poor sleep is associated with difficulties forming and maintaining interpersonal relationships (Carskadon, 1990; Roberts et al., 2001; Roberts and Duong, 2013) . Third, sleep is critical to emotion information processing (see Walker (2009) , for review); thus, disturbed sleep may result in emotion regulation difficulties and greater negative affect. As a result, individuals experiencing insomnia may be more prone to maladaptive thoughts, including thoughts that they do not belong in social settings. Relatedly, individuals with insomnia demonstrate increased reactivity to daily stressors (Morin et al., 2003) , which conceivably may increase reactivity to interpersonal conflicts or decrease their resources to attend to interpersonal needs. Concurrently, increased reactivity to daily stressors, alongside other insomnia-related consequences, might increase individuals' perceived need for social support.
Theoretical models of suicide and associated research also provide support for the notion that insomnia may lead to feelings of loneliness. The interpersonal theory of suicide (Joiner, 2005; Van Orden et al., 2010; cf. Joiner et al., 2016) posits that thwarted belongingness (i.e., lack of meaningful social connection) plays a critical role in the emergence of suicidal desire. Additionally, prior research has established a robust longitudinal relationship between insomnia and suicide risk (see Pigeon et al. (2012) , for a meta-analytic review). Several crosssectional studies that have aimed to bridge the gap between this theory and research found that greater perceptions of thwarted belongingness significantly accounted for the relationship between insomnia symptoms and suicidal ideation (Chu et al., 2016 Hom et al., 2017) . These findings suggest that loneliness may be one mechanism by which insomnia confers suicide risk. Consequently, further exploration of the prospective relationship between insomnia and loneliness is indicated, especially given the implications for other mental health domains.
The effect of loneliness on sleep disturbances
In contrast, a growing body of scientific literature supports the inverse-that loneliness may confer risk for the development of sleep problems. For example, studies have found that loneliness prospectively predicts poorer sleep efficiency (Cacioppo et al., 2002) , higher levels of sleep fragmentation (Kurina et al., 2011) , and poorer sleep quality (Harris et al., 2013) . Notably, one study excluded individuals with mild to severe depression symptoms; suggesting that the relationship between loneliness and sleep problems is not significantly accounted for by depressive symptomatology (Cacioppo et al., 2002) . Despite these robust findings, studies typically have not controlled for associated psychiatric symptoms (e.g., Cacioppo et al., 2002; Roberts et al., 2008) , including depression and anxiety, which may explain these associations.
Several theories have been posited to explain how loneliness might contribute to sleep problems. It has been hypothesized that loneliness and a lack of a secure social environment lead to greater hypervigilance for social threats Cacioppo and Hawkley, 2009) . Consequently, the brain remains alert and prepared to detect and fight threats, even when an individual is trying to fall asleep or has just fallen asleep. Consistent with this hypothesis, animal models have indicated that social isolation may indeed disrupt neural mechanisms underlying sleep (see , for review). An alternate explanation posits that individuals who have more positive relationships or interactions with others are more likely to select healthy behaviors (Cohen and Wills, 1985) . Because good sleep practices belong to the broader suite of healthy behaviors, individuals with greater social connection may be more likely to experience highquality sleep (Cacioppo et al., 2002) .
The present investigation
Taken together, evidence suggests that loneliness is associated with and predicts subsequent sleep problems; however, to enhance our knowledge of the relationship between insomnia and loneliness, additional research is needed to test: (1) whether the association between insomnia and loneliness exists independent of other psychiatric symptoms (e.g., nightmares, anxiety, perceived burdensomeness), and (2) whether insomnia also predicts loneliness, controlling for other psychiatric symptoms. In this paper, we present findings from six studies that investigated the relationship between insomnia and loneliness both cross-sectionally (Studies 1-4) and prospectively (Studies 5 and 6). Additionally, we conducted a meta-analysis to examine the strength of the association between insomnia and loneliness across these six studies. Based on our findings, we employed a series of exploratory analyses for our prospective studies to further delineate the temporal relationships between insomnia, loneliness, and depression symptoms, as well as to better understand the directionality of effects.
Consistent with prior research and theory, we hypothesized that insomnia would be: (1) significantly associated with loneliness in crosssectional investigations, even after controlling for other psychiatric symptoms, and (2) a significant predictor of loneliness over time, controlling for other psychiatric symptoms. Similar to prior studies examining the relationship between loneliness and subsequent insomnia (e.g., Hawkley et al., 2010; Kurina et al., 2011) , we elected to control for anxiety and/or depression symptoms where possible since they are likely to be associated with feelings of loneliness and also may confer risk for sleep disturbances.
Participants included undergraduates, military personnel, adults with a history of suicidality and/or depression, adult psychiatric outpatients, and young adults at elevated suicide risk. Each sample represents a group at elevated risk both for sleep disturbances (Bernert and Nadorff, 2015; Buysse et al., 2008; Owens et al., 2014; Seelig et al., 2010; Staner, 2010) and related psychiatric problems (Hoge et al., 2006; Kessler et al., 2014 Kessler et al., , 2005a Ketchen Lipson et al., 2015; Mortier et al., 2017) . Therefore, inclusion of each sample facilitated the examination of variables of interest in populations for whom research and clinical implications may be particularly salient. Multiple samples were also included in this investigation to enhance generalizability of findings and allow for meta-analytic evaluation. Of note, each study represents secondary analyses of data collected for other investigations. Thus, differences in measures of insomnia and loneliness, as well as available covariates, exist across studies. These differences allowed each study to either complement or build upon findings from other studies. The use of various self-report measures of insomnia and loneliness also bolstered our ability to identify whether these constructs have a conceptually meaningful relationship (i.e., as opposed to only finding a significant relationship between two specific measures). Institutional Review Board approval was obtained for each investigation, and all participants provided informed consent prior to participation. For ease of reference, demographic characteristics for each study and descriptive statistics for self-report measures are presented in Tables 1 and 2 , respectively.
Study 1
Study 1 tested the cross-sectional relationship between insomnia and loneliness, controlling for nightmares and anxiety, in a sample of undergraduate students.
Method

Participants and procedures
This sample included 747 undergraduate students from a large, public university in the Southern United States (U.S.). Of the total sample, 666 participants provided complete responses to all study measures and were included in analyses. There were no demographic differences between participants who did and did not complete all measures. Participants were recruited from an online survey sign-up portal. They completed self-report measures on a web-based portal and were compensated with course credit.
Measures
2.1.2.1. Insomnia Severity Index (ISI; Bastien et al., 2001) . The ISI is a 7-item self-report measure that assesses the severity and consequences of individuals' insomnia symptoms over the past two weeks. Individuals rate the severity of their insomnia problems (e.g., "Difficulty falling asleep," "Difficulty staying asleep," "Problem waking up too early") and associated impairment and distress (e.g., "To what extent do you consider your sleep problem to interfere with your daily functioning?") on a 5-point Likert scale. Total scores range from 0 to 28, with increasing scores representing more severe symptoms.
1 Prior studies indicate that the ISI has strong internal consistency and concurrent validity with other measures of sleep quality (Bastien et al., 2001; Morin et al., 2011) . The ISI demonstrated good internal consistency in this study (α=0.80).
2.1.2.2. Loneliness. Since a measure of loneliness was not included in the larger investigation, items from available measures (i.e., Center for Epidemiologic Studies Depression Scale (Radloff, 1977) , PTSD CheckList (Weathers et al., 1991) , Interpersonal Needs Questionnaire (Van Orden et al., 2012) , and State Loss of Interest and Pleasure Scale (Winer et al., 2014b) were utilized to comprise an index of loneliness. Again, items were adjusted such that each item was equally weighted (i.e., scored on a 0-7 scale). Each item corresponds to an item on the well-validated UCLA Loneliness Scale (UCLA; Russell et al., 1980 ; see Supplementary Material for details). Total scores ranged from 0 to 49, with greater total scores representing greater perceptions of loneliness. In this sample, internal consistency was good (α=0.85).
2.1.2.3. Disturbing Dreams and Nightmare Severity Index (DDNSI; Krakow, 2006) . The DDNSI is a 5-item measure of nightmare frequency, disruptiveness, severity, and intensity, each of which is factored into a total score that ranges from 0 to 37. A DDNSI total score greater than 10 indicates the potential presence of a nightmares disorder (Krakow et al., 2002) . In the present sample, the DDNSI demonstrated good internal consistency (α=0.87).
2.1.2.4. Shortened Taylor Manifest Anxiety Scale (TMAS; Bendig, 1956) . The shortened TMAS is a 20-item True/False measure of 1 Due to an administration error, the first three items in Study 1 were scored on a 0-3 scale (0= No Problem; 3= Severe) instead of a 0-4 scale. These items were thus adjusted such that they were equally weighted as compared to items 4-7 (i.e., a score of 1 on item was multiplied by 1.33).
M.A. Hom et al. Psychiatry Research 253 (2017) 116-128 anxiety symptoms (e.g., worry, feeling nervous). Total scores range from 0 to 20, with higher scores reflecting a greater tendency to experience anxiety. This abbreviated 20-item version of the TMAS was derived from the full 50-item measure (Taylor, 1953) and has been shown to have adequate reliability and greater clinical utility than the full-scale version (Bendig, 1956) . In this sample, internal consistency was good (α=0.84).
2.1.2.5. Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) . The CES-D is a 20-item measure of depression symptom severity. For this study, the CES-D item assessing loneliness was excluded from analyses; thus, possible total scores ranged from 0 to 57 and increasing scores indicated more severe symptoms. The CES-D has demonstrated strong psychometric properties across populations and settings (Radloff, 1977) , and it and demonstrated strong internal consistency in this study (α=0.89).
Results
Hierarchical linear regression analysis revealed that greater ISI insomnia symptom severity was significantly associated with greater loneliness, even after controlling for DDNSI nightmares and TMAS manifest anxiety (β=0.14, 
Discussion
As expected, loneliness was associated with insomnia symptoms, beyond the effects of anxiety and nightmares. Though insomnia and nightmares share features (e.g., daytime functional impariment; Ohayon et al., 1997) , findings suggest that unique components of insomnia may account for its relationship with loneliness. Furthermore, because many anxiety disorders are characterized both by overarousal and withdrawal (APA, 2013), it seems plausible that the relationship between insomnia and loneliness might be explained by anxiety symptoms. Thus, that insomnia and loneliness remained significantly associated even after controlling for anxiety symptoms underscores the strength of their relationship. However, effects did not remain significant after accounting for depression symptoms, suggesting that these symptoms may explain this relationship. Despite these promising findings, the cross-sectional study design precludes our ability to determine temporality of variables, the undergraduate sample limits the generalizability of findings, and other covariates were not available. Additionally, our measure of loneliness was not ideal (i.e., items pooled across measures) and its psychometric properties warrant further investigation in a sample in which a validated measure of loneliness can be utilized for comparison.
Study 2
To replicate these findings and examine additional covariates, in Study 2, we tested the cross-sectional relationship between insomnia and loneliness in a military sample, controlling for perceived burdensomeness, an associated construct.
Method
Participants and procedures
Participants were 2785 Army recruiters completing the Army Recruiting Course. Detailed procedures are described elsewhere (Ribeiro et al., 2015) . ). An abbreviated 8-item version of the 15-item INQ was used in this study, with four items measuring thwarted belongingness (i.e., lack of meaningful social connection) and four perceived burdensomeness (i.e., belief that one is a burden on others). Both have been proposed as necessary and sufficient for suicidal desire (Joiner, 2005; Van Orden et al., 2010) . Thwarted belongingness was utilized as an index of loneliness in this study. The INQ thwarted belongingness subscale has demonstrated significant and discriminant relations with the UCLA Loneliness Scale (rs=0.40-0.91; Van Orden et al., 2012) . Additionally, prior studies have similarly utilized the INQ thwarted belongingness subscale as an index of loneliness (Chu et al., 2016; Hom et al., 2017) .
Responses occur on a 7-point scale (1=Not at all true for me; 7=Very true for me). The subscales demonstrated strong (α=0.90) and good internal consistency (α=0.87), respectively.
Results
Hierarchical linear regression analysis results are presented in 
Discussion
Consistent with our hypothesis, insomnia symptom severity was associated with greater thwarted belongingness-an index of social disconnection and feelings of being an outsider (Van Orden et al., 2012) . This association remained significant after controlling for INQ perceived burdensomeness, a construct highly correlated with depression symptoms Jahn et al., 2011; Van Orden et al., 2008) . This finding was notable given that insomnia is a key symptom of depression, and depression is often characterized by social withdrawal and perceptions of loneliness (APA, 2013) . However, as with Study 1, Study 2's cross-sectional design limits our ability to draw conclusions regarding temporal relationships. Furthermore, our use of abbreviated self-report measures (ISI, INQ) and the INQ perceived burdensomeness subscale as a proxy for depressions symptoms may have impacted our findings. Finally, our sample represented a specialized military subgroup, limiting generalizability.
Study 3
Since depression and suicidality have both been shown to be associated with insomnia (see Baglioni et al. (2011), and , for review), we aimed to replicate our findings in an adult student and community sample with a history of suicidality and depression.
Method
Participants and procedures
A total of 208 adults with a history of suicidality and/or a major depressive episode were included in Study 3. Participants were recruited from a large university in the Southeastern U.S. and the surrounding community. Individuals completed a web-based screening survey and were invited to participate if they reported a lifetime history of: (a) ≥1 suicide attempt, (b) suicidal ideation that included a plan, and/or (c) a major depressive episode. Of note, 26.1% reported a suicide attempt history, 36.4% a history of suicide plans, 90.3% a history of suicidal ideation, 80.7% a history of a major depressive episode, and 46.4% a history of non-suicidal self-injury. Eligible participants completed self-report surveys during a laboratory study visit. All participants were provided with a list of mental health resources. Beck et al., 1988) . The BAI is a 21-item self-report inventory designed to assess level of subjective anxiety within the past week. Responses are rated on a 3-point Likert scale (0=Not at all; 3=Severely, I could barely stand it), and total scores range from 0 to 63, with higher scores indicating more severe anxiety symptoms. In this sample, reliability of the BAI was good (α=0.87). Beck and Steer, 1987) . The BDI-II is a 21-item self-report measure of depression symptom severity, with higher scores indicating greater severity. The BDI-II has been found to have strong psychometric properties across samples (Beck and Steer, 1987) . In this study, the BDI-II was used without the sleep item and demonstrated good internal consistency (α=0.88).
Beck Depression Inventory (BDI-II;
Results
Hierarchical linear regression analyses results are presented in 
Discussion
Building upon and consistent with results of Studies 1 and 2, findings from this study provide evidence that more severe insomnia symptoms are associated with greater loneliness, even among individuals with a history of suicidality and/or depression. One primary aim of understanding the relationship between insomnia and loneliness is to inform the development of prevention and intervention strategies that may thwart the trajectory from sleep disturbances to other psychopathology (e.g., mood disorders, suicide risk). Importantly, these findings establish a relationship between insomnia and loneliness in a sample at elevated risk for psychiatric problems and, consequently, for whom such research is relevant and critical. As with Study 1, this relationship remained significant even when accounting for the effects of anxiety but not depression symptoms, suggesting that depression symptoms, specifically, may explain this association. Similar to Studies 1 and 2, this study's cross-sectional design limited our ability to infer the direction of the relationship. Additionally, though this study included individuals with a history of psychiatric problems, work is needed to test these relationships in a clinical sample.
Study 4
To address the limitations of Study 3, we sought to replicate previous findings in a clinical sample of adult outpatients receiving care at a community-based mental health clinic. (Beck and Steer, 1987) . The BDI-II was used without the sleep item and demonstrated good internal consistency (α=0.92). pattern of results remained the same after controlling for sex, race, and age (see Supplementary Material).
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Results
See
Discussion
The association found between ISI insomnia symptoms and INQ thwarted belongingness, including when controlling for anxiety symptoms, is consistent with findings from Studies 1 to 3. Similar to Study 3, effects did not remain significant after accounting for depression symptoms, further indicating that these symptoms may explain the association between insomnia and thwarted belongingness. However, that insomnia and loneliness were correlated among mental health outpatients suggests that monitoring and assessing both constructs during treatment may be clinically useful. Given prior work highlighting a prospective relationship between loneliness and sleep disturbances, the bolstering of social support and interpersonal connections (e.g., behavioral activation; Martell et al., 2001 ) may also therapeutically impact insomnia symptoms. Additional work is war-ranted to replicate these findings among other adult outpatient samples. Furthermore, as with Studies 1-3, the current study only examined the cross-sectional relationship between insomnia and loneliness, rather than the prospective relationship.
Study 5
Given the limitations of our prior cross-sectional study designs, in Study 5, we examined sleep problems as a predictor of loneliness in a sample of young adults at elevated suicide risk.
6.1. Method
Participants and procedures
This sample consisted of 326 young adults who presented to a military medical center in acute suicidal crisis and elected to enroll in an outpatient suicide prevention treatment trial for suicidal young adults (Rudd et al., 1996) . Following informed consent, participants completed self-report questionnaires, which were completed again 1, 6, 12, 18, and 24 months later. Longitudinal analyses only examined the 1-month (n=235) and 6-months (n=143) follow-up periods given the high rates of study attrition (73%) beginning at 12-months follow-up. Beck et al., 1961 ) was used to assess sleep problems on a 4-point scale (0="I have not experienced any change in my sleeping pattern"; 1="I sleep somewhat more than usual" or "I sleep somewhat less than usual"; 2="I sleep a lot more than usual" or "I sleep a lot less than usual"; and 3="I sleep most of the day" or "I wake up 1-2 hours early and can't get back to sleep").
Suicide
Probability Scale (SPS; Cull and Gill, 1989) . Loneliness was assessed using the SPS, a 36-item self-report measure designed to measure attitudes and behaviors associated with suicide risk. The SPS has demonstrated good psychometric properties, including strong test-retest reliability (Cull and Gill, 1995) . For this study, nine items from the SPS were used to form a loneliness subscale (see Supplementary Material). Items are rated on a 4-point scale (0=None of the time; 3=All of the time) and weighted from 0 to 5. Total weighted scores for this subscale range from 0 to 45, with higher scores representing a greater degree of loneliness. This loneliness subscale demonstrated adequate to good internal consistency across time points (α=0.69-0.83). The SPS has been previously utilized as a proxy for thwarted belongingness (Joiner et al., 2009 ). (Beck et al., 1961) . The BDI-I demonstrated strong internal consistency across study time points (α=0.91-0.95).
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Results
Means, standard deviations, and zero-order correlations for selfreport measures are presented in Table 4 and 5. Cross-sectional analyses revealed that sleep problems and loneliness severity were significantly associated at each of the six study time points (rs=0.62-0.74, ps < 0.05; see Table 5 ). Hierarchical linear regression analyses revealed that greater BDI sleep problems significantly predicted higher levels of SPS loneliness both at 1-month (β=0. 
=0
.01) at 1-and 6-months follow-up, respectively (see Table 6 ). Baseline BDI depression symptoms did not significantly predict SPS loneliness in either of these models (see Table 6 ).
To evaluate the directionality of these relationships, regression analyses were utilized to examine whether baseline SPS loneliness symptoms might predict BDI sleep problems. Greater SPS loneliness symptoms did not predict BDI sleep problem severity either at 1-month (β=0. Follow-up analyses were conducted first in an effort to understand whether depression symptoms might serve as a causal link between insomnia and loneliness. Bootstrap mediation analyses revealed that 1-month BDI depression symptoms did not significantly mediate the relationship between baseline BDI insomnia symptoms and 6-month Note. Skew and kurtosis were in acceptable ranges for all self-report measures across time points utilized in regression analyses; SPS=Suicide Probability Scale; BDI=Beck Depression Inventory. 
Discussion
Consistent with Studies 1 through 4, sleep problems and loneliness were significantly correlated at each time point. Sleep problems also significantly predicted higher levels of loneliness 1-and 6-months later. However, this prospective relationship only remained significant when baseline loneliness was not included as a covariate; thus, preexisting loneliness may be an especially robust predictor of subsequent loneliness. The bidirectional nature of the association between loneliness and sleep problems may have contributed to difficulties establishing a temporal relationship between these symptom clusters. Interestingly, though, depression symptoms did not mediate the relationship between insomnia and subsequent loneliness, suggesting that these symptoms did not account for this observed relationship.
Despite prior research demonstrating that loneliness is a strong predictor of future insomnia symptoms and other sleep problems (Cacioppo et al., 2002; Harris et al., 2013) , this result was not replicated here. This may be the result of the nature of our sample and use of an item that both measures insomnia and hypersomnia. Similar to insomnia, hypersomnia may negatively impact social functioning (Jennum et al., 2014) ; however, due to the nature of data collected, we were not able to separately examine the effects of insomnia and hypersomnia on loneliness, challenging interpretability of our findings. Finally, our ability to identify sleep problems as a significant predictor of loneliness may have been challenged by the use of proxy measures of study constructs. Further studies are thus indicated to address these limitations.
Study 6
In Study 6, we examined the extent to which insomnia symptoms would predict feelings of loneliness levels five weeks later among a sample of undergraduates. We also tested the reverse relationship (i.e., loneliness predicting subsequent insomnia symptoms).
Method
Participants and procedures
A total of 183 undergraduate students enrolled in a general psychology course at a large, public university in the Southeastern Metalsky and Joiner, 1997) . The HDSQ is a 32-item selfreport measure designed to assess symptoms associated with hopelessness depression. Individuals rate each item on a 4-point scale. The HDSQ has demonstrated high internal consistency and good predictive validity (Metalsky and Joiner, 1997) . For this study, four items assessing insomnia symptoms (i.e., difficulties falling asleep, sustaining sleep, and problems with early waking) were used to create an insomnia subscale. Total scores ranged from 0 to 12, with higher scores indicating more severe symptoms. The four items of the HDSQ used in this study demonstrated adequate to good internal consistency (α=0.79-0.87).
7.1.2.2. UCLA Loneliness Scale (UCLA; Russell et al., 1980) . The UCLA is a 20-item self-report measure that assesses perceptions of loneliness. In the current study, a 5-point Likert scale ranging from 0 (never) to 4 (often) was utilized. Total scores ranged from 0 to 80 with higher scores indicative of increased feelings of loneliness. 2 Past studies have shown that the UCLA has adequate test-retest reliability and good concurrent validity (Russell et al., 1980 ). In the current study, the UCLA demonstrated strong internal consistency (α=0.93-0.95). Spielberger, 1983) . The STAI-State is a 20 item self-report measure that assesses current anxiety symptoms. Participants were asked to rank each item on a 4-point Likert scale ranging from 0 (almost never) to 3 (almost always). Total scores range from 0 to 60 with higher scores signifying higher levels of state anxiety. The STAI has been found to have high internal consistency, adequate test-retest reliability, and good construct and concurrent validity (Spielberger, 1989 (Spielberger, , 1983 . The alpha coefficient of the STAI in the current study was 0.90, indicating good reliability.
State Trait Anxiety Inventory -State Subscale (STAI-
State;
BDI-II.
The BDI was used without the sleep item and demonstrated good internal consistency (α=0.91).
Results
Missing data were addressed using listwise deletion, and the final sample included only participants who completed all items at both time points (n=151). No significant demographic or symptom differences existed between those excluded from and included in analyses. Scaled scores were calculated for baseline UCLA, STAI-State, and BDI-II, and for the HDSQ insomnia subscale at 5-weeks follow-up. Outliers (zscore > |3.3|) were brought to the upper acceptable limit to reduce undue influence on the observed relationship between insomnia and loneliness (Warner, 2013) . Hierarchical linear regression analysis revealed that baseline HDSQ insomnia symptoms significantly predicted UCLA loneliness five weeks later, controlling for baseline UCLA loneliness and STAI-State anxiety symptoms (β=0.12, t[148]=2.01, p=0.05, partial r 2 =0.03), but not when also controlling for BDI-II depression symptoms (β=0.09, t[147]=1.55, p=0.12, partial r 2 =0.02). Though, BDI-II depression symptoms did not significantly predict UCLA loneliness in this model (see Table 6 ). When only controlling for baseline UCLA loneliness and BDI-II depression symptoms, the prospective relationship between HDSQ insomnia symptoms and UCLA loneliness was not significant (β=0.09, t[148]=1.57, p=0.12, partial r 2 =0.02).
Similarly, for the reverse relationship designed to test the directionality of these associations, analyses indicated that baseline UCLA loneliness significantly predicted greater HDSQ insomnia symptoms five weeks later, controlling for baseline HDSQ insomnia symptoms and STAI-State anxiety (β=0.18, t[148]=2.17, p=0.03, partial r 2 =0.03), but not when also controlling for BDI-II depression symptoms (β=0.13, t[147]=1.45 p=0.14, partial r 2 =0.05). Again, though, BDI-II depression symptoms did not significantly predict HDSQ insomnia symptoms in this model (p=0.22). When only controlling for baseline HDSQ insomnia symptoms and BDI-II depression symptoms, the relationship between UCLA loneliness and subsequent HDSQ insomnia was not significant (β=0.11, t[148]=1.28, p=0.20, partial r 2 =0.01). Due to limitations in access to data, we were unable to control for sex, race, and age in our analyses.
Follow-up analyses were conducted to evaluate additional prospective relationships between variables to better understand their temporal associations. Hierarchical linear regression analyses revealed that neither baseline HDSQ insomnia symptoms (p=0.41) nor baseline UCLA loneliness (p=0.23) significantly predicted BDI-II depression symptoms at follow-up, controlling for baseline BDI-II depression symptoms.
Discussion
Overall, Study 6's findings suggest that a prospective relationship between insomnia and loneliness exists, even after accounting for baseline loneliness and anxiety symptoms but not after controlling for depression symptoms. These findings are consistent with Study 5's results. Though insomnia symptoms may be a robust predictor of loneliness, it is not surprising that depression-of which a key feature is anhedonia (i.e., lack of interest in activities previously enjoyed; APA 2013; Winer et al., 2014a)-may account for this relationship.
Consistent with prior work supporting the prospective relationship between loneliness and subsequent insomnia (Cacioppo et al., 2002; Hawkley et al., 2010) , loneliness significantly predicted insomnia symptoms across a five-week period, controlling for baseline insomnia and anxiety symptoms but not depression symptoms. Based on these findings, it is hypothesized that the relationship between insomnia and loneliness is cyclical. For example, insomnia may lead to increased loneliness, and subsequently, loneliness may exacerbate insomnia. Research is needed to determine the interplay of these symptoms over time. Overall, these findings largely support our hypotheses and are consistent with aforementioned work (Mauss et al., 2013; Morin et al., 2003; Roberts and Duong, 2013; Shochat et al., 2014) . Although Study 6's prospective design represents a study strength, our young adult sample limits the generalizability of our findings.
Meta-analysis of studies
To further consolidate the effects found across these six studies, we conducted a meta-analysis of bivariate correlations between insomnia symptoms and loneliness from each sample.
Method
Pearson's r bivariate correlations were recorded for each study using unadjusted estimates. Effect sizes were transformed to Fisher's zs for the purpose of analysis, but the effect sizes presented were re-2 Traditionally, the UCLA utilizes a four-point Likert scale (1−4). However, for the larger investigation, researchers elected to impose a five-point Likert scale in order to maintain consistency with other measures. M.A. Hom et al. Psychiatry Research 253 (2017) 116-128 transformed to Pearson's r for ease of interpretation. A random effects model was utilized to allow for heterogeneity across studies (e.g., variations in study design and measurement); a random effects model also allows for a greater degree of generalizability to other populations. Effect sizes were weighted, and we examined the significance of the Qtest to determine whether there was substantial heterogeneity of effect sizes. We also report the I 2 statistic, which indicates how much of the variability across studies is due to heterogeneity as opposed to chance due to sampling error (0.25=small heterogeneity; 0.50=medium heterogeneity; 0.75=large heterogeneity). Given the nature of the studies, we expected this value to be relatively high. We also examined whether results were significantly moderated by the samples' mean age, percentage of females, percentage identifying as White/Caucasian, and mean depression symptom scores. Regarding dependent effect sizes, Studies 5 and 6 reported multiple effects across time points. To include the most conservative effects in our meta-analysis, we used only one effect per sample. Specifically, in Study 5, the longitudinal effect of insomnia at baseline and loneliness at 6-month follow-up was utilized; in Study 6, we included the longitudinal effect of insomnia at time 1 and loneliness at time 2.
Results
Effect sizes and 95% CIs are presented in a forest plot (see Fig. 1 ). The Q-test was significant (14.27), and the I 2 value (0.65) indicated that a moderate-to-large degree of variability was due to heterogeneity rather than chance. The test of the null was significant, with a moderate effect size (r=0.32, p < 0.01, 95% CI[0.22, 0.42] ). This indicates that across studies, the bivariate association between insomnia and loneliness is significant and moderate in magnitude. These results were moderated by age (Z=−2.12, p=0.03), sex (Z=9.31, p < 0.01), race (Z=5.47, p < 0.01), and depression symptom severity (Z=−5.91, p < 0.01). Effects were stronger for younger participants, samples with a higher percentage of females, samples with higher percentages of participants identifying as White/Caucasian, and samples with lower depression symptom levels.
Discussion
These results further underscore the strength of the relationship between insomnia and loneliness. With regard to the age moderation finding, it is possible that younger individuals may be more likely to be experiencing the first onset of sleep disturbances (Kessler et al., 2005b; National Sleep Foundation Sleep, 2000) ; thus, the experience of insomnia may be especially distressing and isolating. Little is known about differences in experiences of insomnia between sexes and cultural groups; thus, the finding that the association between insomnia and loneliness was stronger in samples with greater proportions of females and those identifying as White/Caucasian warrants further investigation. It is possible, for instance, that perceptions of social support or the effects of inadequate sleep may differ between groups. Finally, the finding that insomnia symptoms were more strongly associated with loneliness in samples with lower mean depression symptom scores is consistent with a prior study demonstrating a robust association between these constructs in a sample that excluded individuals with mild to severe depression symptoms (Cacioppo et al., 2002) . However, further research is indicated to understand what factors may underlie these findings. It may be, for example, that the varying time frames utilized to assess study constructs influenced results (e.g., insomnia and depression symptoms were often assessed over the past two weeks, but loneliness was assessed "recently" or as a stable state). Given the limited number of samples included in moderation analyses (N=6 for demographic variable analyses; N=4 for depression symptoms analyses), we recommend that these findings be interpreted with caution and replicated across other samples. Relatedly, moderation analyses examining the role of study design and measurement tools in yielding observed effects may be useful in future investigations that include additional samples. These analyses may be especially informative in studies that utilize standardized validated loneliness scales, such as the UCLA (e.g., only utilized in Study 6).
General discussion
In this investigation, we examined both cross-sectional and prospective associations between insomnia and increased feelings of loneliness in six distinct samples. Meta-analytic results and other findings across studies not only provide converging preliminary evidence that more severe insomnia symptoms are associated with greater feelings of loneliness, but also add to the growing body of research on psychological consequences of sleep problems.
Consistent with study hypotheses and prior research, insomnia and loneliness were significantly associated across all six study samples. Given the marked diversity across samples with respect to sociodemographic characteristics and clinical severity, it is noteworthy that this significant association emerged for each study, even when controlling for sociodemographic variables. Though the mechanisms underlying this relationship cannot be ascertained from this investigation, the aforementioned theoretical and empirical explanations for this association remain plausible, including that insomnia may be intrinsically lonely. Further work is needed, though, to directly test if these proposed mechanisms hold explanatory power.
Contrary to hypotheses, the association between insomnia and loneliness did not remain significant after controlling for depression symptoms in Study 1 and Studies 3 through 6. These findings emphasize the primacy of depression and suggest that depression symptomatology may account for the relationship between insomnia and loneliness. This may be due, in part, to the highly overlapping nature of insomnia and depression (i.e., insomnia is a depression symptom), as exemplified in a finding that approximately 85% of outpatients who meet criteria for major depressive disorder reported clinically significant sleep disturbances (Zimmerman et al., 2015) . Inclusion of depression as a covariate also may have resulted in overadjustment, and similar to suicidal ideation with depression covaried out , the conceptual significance of insomnia with depression covaried out may be limited. Loneliness is also likely both associated with and a consequence of depression. Even so, it is worthwhile to note that loneliness itself is not a symptom of depression and, consequently, our findings do not solely embody a clustering of depression symptoms. Loneliness also has been significantly associated with insomnia even among individuals without depression (Cacioppo et al., 2002) . Therefore, though depression may have largely explained Fig. 1 . Forest plot of Fisher's z effect sizes from meta-analysis of the association between insomnia and loneliness. Note: Study 1=Undergraduate sample; Study 2=Army recruiter sample; Study 3=Adults with a prior history of suicidality and/or depression; Study 4=Adult outpatient sample; Study 5=Young adults at elevated suicide risk; Study 6=Undergraduate sample. M.A. Hom et al. Psychiatry Research 253 (2017) 116-128 the association between insomnia and loneliness in our investigation, this pattern of findings may have resulted from our use of samples of relatively high clinical severity (i.e., mean depression measure scores in the mild to severe range).
Research also indicates that insomnia often precedes depression (Baglioni et al., 2011) ; thus, with the addition of assessment points and use of at-risk, subclinical samples, the temporal relationships between insomnia, loneliness, and depression may be further delineated. For instance, insomnia and loneliness may together precede and predict depression onset. Indeed, in Study 5, loneliness was identified as a significant predictor of depression at 6-months follow-up, even after controlling for baseline depression symptoms. A lack of significant findings for other follow-up analyses, however, suggests that further work is needed. Additionally, our study only examined effects up to 6 months later, and it is possible that given a longer time frame, as previous studies have utilized (e.g., Baglioni and Riemann, 2012; Cacioppo et al., 2002) , a different pattern of results may have emerged. Depression may also serve as a common cause of loneliness or causal intermediate in the relationship between insomnia and loneliness, possibly explaining its effects on the relationship between insomnia and loneliness. Though depression did not emerge as a significant mediator of this relationship in Study 5, research is needed to replicate these findings utilizing improved measures of insomnia and loneliness. Rigorous assessment of specific depression and insomnia symptoms may be especially illuminating.
Importantly, the association between insomnia and loneliness remained significant even when controlling for nightmares, anxiety symptoms, and/or perceived burdensomeness, each of which is strongly associated with insomnia and/or loneliness. Findings suggest that the association between insomnia and loneliness is not being driven solely by these other psychiatric symptoms and does not simply represent a clustering of anxious features or perceptions of burdensomeness. These results are noteworthy and underscore the specific directionality and robustness of the association between insomnia and loneliness. As a result, the conjecture that unique features of insomnia (i.e., hours awake in social isolation) may exacerbate or confer risk for loneliness particularly warrants further empirical investigation, especially in clinical populations where these relationships may have greater relevance. The significant prospective relationship found between insomnia and loneliness across two samples represents a novel finding. These results support a growing body of literature highlighting the negative consequences of poor sleep (see Sateia et al. (2000) , for review). The lack of significant results for the reverse relationship for Study 5 (i.e., loneliness as a predictor of insomnia) was particularly surprising, especially given scientific evidence that such a relationship exists (Cacioppo et al., 2002; Harris et al., 2013; Hawkley et al., 2010) . Differences in study design, participant samples, and assessment techniques may, in part, account for these equivocal findings. It is also possible that insomnia and loneliness may be associated via distinct pathways that depend on the direction of the relationship and population being investigated.
On this point, the prospective relationship between insomnia and loneliness found in Studies 5 and 6 signals a need for studies examining whether loneliness may serve a mediating role in the relationship between insomnia and other psychiatric problems. For example, by increasing risk for thwarted belongingness, a key component of suicidal desire (Joiner, 2005; Van Orden et al., 2010) , insomnia may increase risk for suicide. This is consistent with findings from aforementioned studies identifying thwarted belongingness as a mediator of the association between insomnia and suicidal symptoms (Chu et al., , 2016 Hom et al., 2017) .
Lastly, findings from this investigation suggest that it may be useful to examine whether therapeutically impacting loneliness and/or depression may thwart the trajectory from insomnia to other negative psychiatric outcomes. Fortunately, efficacious interventions exist that may support the enhancement of social support and interpersonal connections, as well as target depression symptoms (e.g., behavioral activation; Martell et al., 2001) . Studies also suggest that concurrent insomnia-specific treatment for individuals receiving depression treatment may not only improve sleep but also enhance depression outcomes (Clarke et al., 2015; Manber et al., 2011 Manber et al., , 2008 . Insomnia treatments (e.g., CBT for insomnia; Edinger and Means, 2005) can be delivered in group settings and thus may have the added benefit of providing an outlet to build social relationships and, as a result, reduce loneliness.
Limitations and future directions
Our investigation approach was limited in several ways. First, we were only able to examine the prospective relationship between insomnia and loneliness in two of six samples. Both of these samples were composed of young adults; thus, findings should be replicated in other sociodemographic groups, particularly in older adults who often display high levels of insomnia, loneliness, and suicidality (Bernert et al., 2014; Cukrowicz et al., 2011; Jaremka et al., 2014) . In so doing, temporal and causal relationships between insomnia and loneliness can be more rigorously examined. Insomnia symptoms and loneliness also remained relatively stable over time in Studies 5 and 6 (i.e., no statistically significant differences between mean scores at baseline and follow-up for participants included in prospective analyses; ps > 0.05), limiting our interpretation of findings. Second, some self-report measures may not have fully captured the constructs they were intended to measure. For example, in some studies, abbreviated versions were used (Study 2), items were combined across measures (Study 1) and within a single measure (Studies 5 and 6) to assess a specific construct, and proxy measures were utilized to assess constructs of interest (Studies 3 and 4). In some cases, these measurement approaches may have impacted our ability to detect significant results and challenged our ability to compare our findings to previous studies utilizing standardized measures. Consequently, future studies would benefit from more direct and thorough assessments of constructs of interest, including additional demographic covariates (e.g., marital status; Luhmann and Hawkley, 2016) . Similarly, because these studies were secondary analyses of larger investigations, we were unable to include the same constructs across studies, limiting our ability to draw conclusions across samples. Fourth, all studies relied on self-report measures, which are subject to biases. Future studies may benefit from the inclusion of objective measures of sleep quality and quantity (e.g., polysomnography, actigraphy). Finally, our investigation did not allow for the direct test of why insomnia might confer risk for the development of loneliness. Although we offer several possible explanations, the studies in this investigation were, for example, unable to probe whether individuals suffering from insomnia report the specific experience of being awake when others are asleep as distressing. As a result, additional research is needed to identify the processes that may explain the relationship between insomnia and subsequent loneliness, with specific efforts to determine whether these awake-hours are experienced as being intrinsically socially isolating.
Conclusions
In summary, findings suggest that more severe insomnia symptoms are associated with and may prospectively predict greater feelings of loneliness, even after controlling for relevant covariates such as nightmares, anxiety symptoms, and perceptions of burdensomeness. However, this association-including when evaluated prospectivelydid not remain significant after accounting for depression symptoms. As such, further work is needed to identify and delineate the unique features of insomnia and depression that increase risk for subsequent loneliness, particularly in clinical populations for whom findings will be most salient. We look forward to additional studies that address the limitations of this current investigation, which represents a promising initial step toward understanding the relationship between these constructs.
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